Abstract: Experiments were conducted to evaluate the effect of rhizobial inoculums and inorganic fertilizers on NP availability, soil microbial activity, wheat NPK concentration and uptake. These experiments were consisted of two factors, four inoculums (no, lentil, peas, and chickpeas) and two NPK doses (120:90:60 and 96:72:48 kg ha −1 ). Inoculums significantly increased plant total NPK concentration by 39, 57, and 37%, and their uptake by 66, 86, and 56%, respectively. Peas inoculum was most efficient in wheat NPK concentration and uptake. The interactive effect of inoculums and NPK demonstrated that peas and lentil inoculums with 20% less NPK had statistically better role than full NPK without inoculation. AB-DTPA extractible P and mineral N were progressively increased with incubation periods and exhibited significant differences between inoculated and uninoculated treatments during all incubation intervals for NP except at day 7 for N. Peas inoculum showed maximum mean net NP availability of 131.5 and 3.48 mg kg −1 over 56 d of incubation, respectively. Significantly higher cumulative CO 2 of 1429 mg kg −1 with a net increase of 866 mg kg −1 was recorded for pea's inoculums during 12 d of incubation interval. It is concluded that peas rhizobium could be used as a plantgrowth-promoting rhizobacteria for wheat and other cereal crops.
Introduction
The dominant source of food for human nutrition across the globe is obtained from cereal crops, such as maize, rice, and wheat. Wheat belongs to family Poaceae and genus Triticum and ranks third after maize and rice. On a worldwide scale, wheat covers about 30% of total cereal products (Fageria et al. 1997) . Pakistan is ninth largest wheat-producing country in the world (Tunio et al. 2006) . However, in Pakistan, wheat average yield at farmers' fields is still less than the potential (Mann and Masih 2004) . To improve crop yield, farmers use mineral fertilizers (Anonymous 2002) , which are not only very costly but also act as pollutants. More than 50% of the applied N-fertilizers are lost from soil through different processes, which not only represent a cash loss to the farmers but also consequently pollute the environment . N pollution includes groundwater pollution by nitrate (Shretha and Ladha 1998) , which lowers soil pH (Kennedy and Tehan 1992) and increases denitrification loss of nitrous oxide to the atmosphere that acts as greenhouse gases (Bronson et al. 1997) . Throughout the world, researchers are facing these threats and they are trying to control this situation by producing alternative substitutes that are more economical, environmentally friendly, and bring sustainable improvement. The best approach is to improve the uptake of nutrients and their use efficiency that can be achieved by using beneficial microbes or plant-growth-promoting rhizobacteria (Defreitas and Germida 1990) .
Rhizobia can be used as plant-growth-promoting rhizobacteria (PGPR) in nonlegumes (Yanni et al. 1997) , though they are known for their ability of symbiotic biological nitrogen fixation in legumes (Vargas et al. 2010) . It enhances the growth and the yield of cereals by production of phytohormones IAA, gibberellins and cytokinins (Phillips and Torrey 1970) , siderophore (iron chelator) (Meyer 2000) , and enzymes (Yang and Hoffman 1984) . Rhizobia may improve the supply of insoluble nutrients such as phosphorus (Fatima et al. 2006 ) and iron by producing organic acids, thus making these nutrients easily available for plants uptake (Biswas et al. 2000) . It kills pathogens by producing antibiotics (Antoun and Provest 2000) , HCN (hydrogen cynide) (Antoun et al. 1998) , and exopolysaccharides (Goyal et al. 1986 ). It improves morphological characteristics of inoculated roots (Biswas 1998) , which increase nutrients and water use efficiency (Okon and Kapulnik 1986) , mobilization, and efficient uptake of nutrients (Biswas et al. 2000) . Likewise, it increases stress resistance (Mayak et al. 2004 ) and induces systemic stress (Yang et al. 2009 ) and drought tolerance or resistance by releasing substances such as abscisic acid (Phillips and Torrey 1970) or lumichrome (Phillips et al. 1999) . These substances reduce leaf stomatal opening and decrease transpirational water losses from plants. It also improves N uptake in rice plants (Yanni et al. 1997) .
Studies conducted so far regarding the impact of rhizobium application for cereals are limited and showed specificity of different rhizobium strains towards cultivar, soil, and environment. Therefore, these pot and incubation studies were carried out to assess the potential of three rhizobium species isolated from the root nodules of three locally winter legumes including peas, lentil, and chickpea with two NPK levels (basal dose of NPK and 20% less than basal of dose NPK) for improving the biological yield and nutrients uptake of wheat under greenhouse conditions.
Materials and Methods
Pot and incubation experiments were conducted to investigate integrated effect of different rhizobial species isolated from winter legumes and inorganic fertilizers on microbial activity, nutrients (NP) availability, and growth of wheat crop at the University of Agriculture Peshawar during winter 2012-2013. The experiment was comprised of four types of rhizobial inoculums (control, lentil, peas, and chick peas inoculum) and two levels of NPK fertilizers (120:90:60 and 96:72:48 kg ha −1 ) making a total of eight treatments per replication. The experiments were laid out in two factorial complete randomized design (CRD) with three replications.
Pots having 10-cm radius and 30-cm depth were filled with 5 kg soil. At the time of sowing, pots were amended with required amount of P, K, and half of N fertilizer in solution form, 23 g of urea, 24.5 g of DAP, and 15 g SOP were dissolved in 500-mL water. In this way, 10 and 8 mL of prepared solution were added to pots receiving basal and 20% less than basal dose of NPK, respectively. Half of N fertilizer was applied at the tillering stage in the same manner. Rhizobial inoculums of lentil, peas, and chick pea were obtained from National Agricultural Research Council, Islamabad. The seeds of wheat variety Siran were soaked in 20% concentrated sugar solution, inoculated with required but equal amount of rhizobial inoculums, dried in shade, and were sown at the rate of eight seeds per pot. Thinning of the pots was performed after 14 d of emergence to maintain four seedlings per pot. The pots were irrigated with tap water as per moisture condition. Pots were randomized on weekly basis to avoid side, shade, and temperature effect. Plant samples obtained from each treatment plot at harvest stage were dried, ground, and analyzed for NPK concentration. For total P and K determination in plant, 0.5 g of oven-dried plant sample was put in a 250-mL volumetric flask and 10 mL concentrated nitric acid was added and kept for overnight. After 24 h, 4 mL of perchloric acid was poured into it and gently heated until the white fumes were appeared. About 3 mL of the colorless solution was retained, and then transferred into a 100-mL volumetric flask. Phosphorous in extracts was determined with a spectrophotometer and K with a flame photometer (Richards, 1954) . Total N in plant samples was determined by the protocol of Bremner and Mulvaney (1982) .
The treatments effect of inoculum on N and P availability was evaluated using a pot incubation experiment. The 200-g field moisture soil was used in this incubation study. The incubation pots receiving full recommended NPK were treated with 60 mg N, 45 mg P 2 O 5 , and 30 mg K 2 O per kg of soil, whereas pots with 20% less of recommended NPK were amended with 48 mg N, 36 mg P 2 O 5 , and 24 mg K 2 O per kg of soil. For NPK supplementation, 295 mg of urea, 156.8 mg of DAP, and 96 mg of SOP were dissolved in 180 mL water for NPK respectively, 10 and 8 mL of this solution was added to treatments receiving full and 20% less of basal dose of NPK, respectively. Pots were treated with equal amount of required inoculum and incubated in the incubator at 25-30°C. However, 30 g of soil was collected at day 7, 14, 28, and 56 from each pot for mineral nitrogen (NO 3 − and NH 4 + ) and phosphorus concentration and moisture content determination.
Another incubation experiment was also conducted to determine the treatment effects on microbial activity and CO 2 evolution. Soil was taken from the field at proper soil moisture condition, ground, and sieved with a 2-mm sieve. Also, 50 g of soil was placed in a 500-mL conical flask. In addition, 73.72 mg of urea, 39.2 mg of DAP, and 24 mg of SOP were dissolved in 80-mL water; 5 mL of this solution was added to flasks receiving full dose of NPK, whereas 4 mL was added to flasks receiving 20% less basal dose of NPK. Soil was amended with equal amount of inoculum as per treatment. Flasks were incubated at 25-30°C in the incubator and analyzed for CO 2 evolution and microbial activity at intervals of 1, 3, 6, and 12 d. CO 2 evolution was determined using the method as described by Horwath and Paul (1994) .
The soil used for this experiment was silty loam in texture, alkaline in reaction, low in organic matter (0.73%), highly calcareous in nature (13.5%), very low saline (0.46 dS m −1 ), and low in total nitrogen (0.08%) and AB-DTPA extractible phosphorous (2.25 mg kg −1 ) contents (Table 1) . Data recorded were analyzed using the ANOVA technique appropriate for completely randomized design and means were compared using the LSD test at the 5% level of probability (Steel and Torrie 1980) .
Results and Discussions

NPK concentration
Rhizobial inoculums and NPK levels significantly affected N, P, and K concentrations in wheat plants (Tables 2-4) . Maximum plant N, P, and K concentrations of 16.7, 1.68, and 4.8 g kg −1 , respectively, were recorded for peas inoculum f. Lentil and peas inoculums showed statistically similar plant N, but significantly different P and K concentration. Similarly, lentil inoculum performed significantly better than chickpea inoculum for N and K but similar in the case of plant P content. Minimum plant N, P, and K concentrations of 11.9, 1.35, and 3.5 g kg −1 , respectively. These results revealed that inoculation improved plant N, P, and K concentrations. Peas-inoculated treatments significantly enhanced plant N, P, and K concentrations by a maximum of 29%, 24%, and 37%, respectively, over control in wheat crop. These results are in line with Egamberdiyeva et al. (2004) who found the positive effect of rhizobium on N, P uptake and soil P content in wheat. Similarly, Mehboob et al. (2011) reported that rhizobial isolates increased N, P, and K concentrations in wheat up to 33.16%, 66.66%, and 22%, respectively. This may either be due to ability Note: LSD (0.05) NPK = 0.06, inoculums = 0.08, and NPK × inoculums = 0.12. Values with lowercase letters are statistically significant at P ≤ 0.05. of rhizobia to produce phytohormones such as IAA, mineralize and bind nutrients, or by improving morphological characteristics of inoculated roots, which increase nutrient and water use efficiency as reported by Vargas et al. (2010) . Significant variation among inoculums for plant N, P, and K concentrations showed that inoculums has varying capacity as the plant growth promoter (PGPR) for nonleguminous crops due to dissimilarity in their adoptability to prevailing soil and climatic conditions. This disparity among inoculums had also been reported by Solaiman et al. (2011) and Hilali et al. (2001) who found that rhizobium strains behave differently according to the soil used. Furthermore, recommended NPK (120:90:60 kg ha −1 ) produced significantly higher plant N, P, and K concentrations (15.5, 1.68, and 4.4 g kg
) than 20% less of recommended NPK (13.9, 1.40, and 3.6 g kg −1
), respectively. Interactive effects of rhizobial inoculum and NPK were also statistically significant for N, P, and K concentrations in wheat (Tables 2-4). On an average, maximum plant N, P, and K concentrations of 17.6, 1.91, and 5.0 g kg −1 were recorded for peas inoculum with full recommended NPK, respectively. Lower plant N, P, and K concentrations of 11.2, 1.25, and 3.3 g kg −1 were recorded, respectively, for no inoculum with 20% less recommended dose of NPK. It was also evident from the result that inoculation of rhizobia increased plant N, P, and K concentrations at both recommended and 20% less of recommended NPK. These results are in line with findings of Afzal and Bano (2008) , who reported that the use of rhizobia and P solubilizer strains alone or in combination with P fertilizer were 30-40% better than alone P fertilizer for improving N, P, and K concentrations of wheat. Full recommended NPK produced 12.5 g kg −1 plant N concentration to the control that was statistically similar to chickpeas (13.4 g kg −1 ) and significantly lower than peas (15.9 g kg −1 ) or lentil inoculations (15.0 g kg −1 ) with 20% less of recommended NPK (Table 2) . Likewise, full recommended NPK showed plant P concentration of 1.44 g kg −1 for control that was statistically at par with 1.45 g kg −1 for peas or 1.41 g kg −1 for lentils or 1.40
statistically at par for chickpea inoculation with 20% less of recommended NPK (Table 3 ). The recommended NPK treatments showed 3.6 g kg −1 of plant K content for the control that was statistically similar to 3.8 g kg −1 for lentil or 3.5 g kg −1 for chickpea inoculation with 20% less of recommended NPK (Table 4 ). The possible reasons for this may be that inoculation increased nutrients mobilization and improved morphology of roots, thus enhancing nutrients use efficiency as reported by Biswas et al. (2000) .
NPK uptake
On average, N, P, and K uptake in wheat were significantly affected by inoculums and NPK levels (Tables 5-7 ). Higher N uptake was recorded for peas (143.15 kg ha −1 ) and lentils (137.3 kg ha −1 ) inoculum followed by chickpea. Minimum plant N uptake (89.11 kg ha −1 ) was recorded for control. Similarly, maximum P uptake was measured for peas (14.47 kg ha −1 ), which was significantly higher than lentil (13.11 kg ha −1 ) and chickpea inoculum (12.72 kg ha −1 ), whereas minimum mean plant P uptake (10.11 kg ha −1 ) was recorded for control. Likewise, maximum K uptake (40.69 kg ha −1 ) was recorded for pea's inoculum. Lentil inoculum produced plant K uptake of (34.73 kg ha −1 ) that was statistically at par with chickpeas (32.67 kg ha −1 ). Minimum plant K Mehboob et al. (2011) who also reported that rhizobial isolates increased N, P, and K uptake up to 73.46, 84.66, and 59.19%, respectively, over uninoculated control. Egamberdiyeva et al. (2004) also found that phosphate solubilizing bacteria such as Pseudomonas, Bacillus, Arthobacter, and Rhizobium are able to mobilize more nutrients, enhance NPK uptake, and improve the growth of wheat, maize, and cotton. This may either be due to the ability of rhizobial inoculums to act as PGPR, and solubilize and mobilize nutrients from organic and inorganic sources as reported by Alikhani et al. (2006) or better root growth, so increase water and macronutrient (N, P, and K) uptake by the plant and increase plant growth (Etesami et al. 2009 ). Inoculums behaved differently in NPK uptake as they respond differently to the existing agro-climatic and soil conditions as reported by Solaiman et al. (2011) . Interactive effects of rhizobial inoculum and NPK were significant for N and P, and nonsignificant for K uptake (Tables 5-7) . Pea inoculation with full recommended NPK produced maximum plant NPK uptake (156.59, 17.03, and 44.23 kg ha −1 ), whereas minimum plant NPK uptake (81.20, 9.01, and 23.83 kg ha −1 ) was observed for no inoculum with 20% less of recommended NPK, respectively. It was also observed from data that rhizobial inoculation increased plant NPK concentration under both sufficient and deficient soil NPK content. Full NPK without inoculation produced 97 kg ha −1 plant N uptake that was statistically similar to 105.05 kg ha −1 for chickpeas with 20% less of recommended NPK and significantly lower than 129.89 kg ha −1 for peas with 20% less of recommended NPK or 120.84 kg ha −1 for lentil inoculation with 20% less NPK (Table 5 ). Full recommended NPK showed 11.20 kg ha −1 P uptake for control that was statistically similar to P uptake (11.30, 11.91, and 10.98 kg ha −1 ) of lentil, pea, or chickpea inoculum with 20% less of recommended NPK, respectively (Table 6 ). These results evidenced that the application of rhizobia as PGPR to wheat may reduce its dependence on chemical fertilizer by 20%.
Available mineral nitrogen (NO 3 − and NH 4 + ) as influenced by rhizobial inoculums Compared with the initial contents of soil mineral nitrogen at the beginning of incubation, there was a net mineralization of total mineral nitrogen in all inoculums over 56 d of incubation period (Fig. 1) . Maximum net total mineral nitrogen (131 mg kg −1 ) was recorded for pea inoculum followed by (128 mg kg −1 ) lentil and (120 mg kg −1 ) chickpea inoculum, whereas minimum mineral N (87 mg kg −1 ) was observed for noninoculated treatments by day 56. Nitrogen availability as affected by inoculums was found nonsignificant at day 7, but significant at day 14, 28, and 56. The pattern of N availability at day 14, 28, and 56 was almost similar; maximum total mineral nitrogen (229, 239, and 255 mg kg −1 ) were recorded for peas inoculums, whereas minimum (176, 185, and 202 mg kg −1 ) was observed for noninoculated treatments at day 14, 28, and 56, respectively. These findings suggest that different rhizobial inoculums have variable potential of nitrogen mineralization, and it may be due to the differences in adaptation capacity of these inoculums to prevailing soil and climatic conditions. The increase of total mineral nitrogen in inoculated treatments over noninoculated treatments clearly indicated the role of rhizobia as PGPR as reported by Yanni et al. (1997) , and its role in N mineralization or solubility as reported by Fatima et al. (2006) or its role in mobilization of nutrients as reported by Biswas et al. (2000) . The increase in availability of total mineral nitrogen was also reported by Dinesh and Dubey (1999) who found that amount of NH 4 +1 and NO 3 −1 -N increased by rhizobia up to 56 d of incubation. Note: LSD (0.05) NPK = 2.22, inoculums = 3.14, and NPK × inoculums = NS. Values with lowercase letters are statistically significant at P ≤ 0.05. Available phosphorus as influenced by rhizobial inoculums AB-DTPA extractable phosphorous was significantly greater in the three inoculated treatments than in the control at all incubation intervals (Table 8) . Peas inoculum resulted in elevated AB-DTPA extractable phosphorous (3.97, 4.41, 4.44, and 6.89 was observed for uninoculated treatment at day 56. Inoculated treatments showed significantly higher AB-DTPA extractable phosphorous than uninoculated treatment at all incubation intervals. It clearly indicated the contribution of rhizobial inoculums in phosphorous mineralization from organic and dissolution from mineral sources as reported by Fatima et al. (2006) who reported that rhizobia increases availability of insoluble nutrients such as phosphorus. The increase in AB-DTPA extractable phosphorous in all treatments less or more with a passage of time from day 7 to day 56 may be due to desorption of P from soil particles, dissolution of precipitated mineral P, and mineralization of organic P with a passage of time as reported by Laskar et al. (1990) , who revealed that P solublization is increased with a passage of time by applying organic fertilizers. Antoun et al. (1998) also observed in their study that 54% of rhizobial strains were involved in P solubolization.
Cumulative CO2 released in mg kg −1 of soil for respective days Significant differences were found among inoculum treatments for CO 2 evolution at all incubation intervals, showing significantly more CO 2 evolved from the inoculated than noninoculated treatment (Fig. 2) . The pattern of CO 2 evolution was similar for the inoculated treatments in all incubation intervals. Higher cumulative CO 2 evolution (1429 mg kg −1 ) with a net increase of 866 mg kg −1 over day 1 was recorded for the peas inoculum followed by the lentil inoculum (1245 mg kg −1 ) with a net increase of 741 mg kg −1 , chickpea inoculum (1099 mg kg −1 ) with a net increase of 666 mg kg −1 , whereas the minimum of CO 2 evolution (716 mg kg −1 ) with a net small increase over 437 mg kg −1 was observed Note: Values with lowercase letters are statistically significant at P ≤ 0.05. for noninoculated treatment. These findings indicate that rhizobial inoculation enhanced CO 2 evolution and expressed their role as PGPR (Yanni et al. 1997) . Variations in CO 2 evolution for different inoculums suggested that rhizobial species differ in their potential in CO 2 evolution, and this may be due to variation in adaptability of inoculums to prevailing soil and climatic conditions as reported by Hilali et al. (2001) who stated that rhizobial strain behaved differently according to the soil used. Results also indicate that CO 2 evolution on day 1 was higher in all treatments and then progressively decreased up to day 12. The results are in line with Sharif et al. (2002) who found greater initial CO 2 evolution, and this might be due to more availability of substrate and vigorousness of rhizobia in initial times.
Conclusions
Rhizobial inoculation significantly increased wheat N, P, and K concentrations and uptake. Peas inoculum was found relatively more efficient than lentil and chickpea inoculums. Inoculation progressively increased N and P availability and increased cumulative CO 2 evaluation. Full recommended NPK alone (without inoculation) exhibited statistically similar results on plant NPK concentration and uptake as the treatment receiving 20% less NPK addition but inoculated with peas and lentil. These preliminary data suggest that the subject is worthy of further study.
